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Abstract: 

PROBLEM TO BE SOLVED: To correct the ink ejection characteristics of each nozzle by arranging heat 
elements for generating a bubble in an ink supplied to an ink channel symmetrically to a plane including the 
center line of a delivery opening thereby controlling the ejecting direction of ink from respective nozzles. 
SOLUTION: In an ink jet recording head, an ink supply opening 2 is made in a silicon substrate 1 by 
anisotropic etching and ink is ejected, as an ink drop, from a delivery opening t through the ink supply opening 
2 and an ink channel 3. Substantially directly under the delivery opening t made in each ink channel 3, a 
plurality of heating elements (heaters) HI, H2, H3, H4 are arranged along with the delivery opening t and an ink 
jet nozzle is constituted of the ink channel 3, the heating elements or heaters, and the delivery opening t. The 
heaters HI, H2 are arranged symmetrically to a plane including the center line of the delivery opening t and 
cutting the ink jet nozzle along a line B-B. COPYRIGHT: (C)2000,JPO 
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H4 b-* 



H3 b-* 



(C) 



t-* H1 

(b) 




Irs-* h y X/u 0 

[ft** 2] WE*^*^*, »EB5fc#LTMHI 
HE * ® T*fc o T itrlEtb tfci P <D * *Mft £ra tr Ab ^ ffi tcBBL 
TSfeHSv^ icffiJttfc t & 6 J: 5 tcgES £ frX v ^ 5 If* 
* l tcEifcffM v^oi y h y X/u D 

iif**3] j^?&nktti-tz>tz#><D»kmQt, m± 
[it** 4 ] «wa*t*ai©**^flso r tWEetm p a> e> 

tf^#fflSn« ± 5 tc#/&£;ft/T^-5it** 1 & 3 O 

[if** 5 ] tfjiBP±m p tfiwre**^*^ oatffi 

[if** 6 ] tuisp±m p &mzfr&mm*<D&mz.*t 
isxm&m t & £ <t 5 {-sae £ v ^ it ** i & % a 

[ft** 7 ] ias«fti:#o x-r oettm«**saE 

1 *tcEtt<ZM >^ v?x 5/ h / X7u 0 
[It** 8 ] fit&dsjp*. r^cioT^^co 

iEi-S d i: § J: 5 ;ft,TV>5§S** 1 

7 m vf *^ i *k:e*0M y^v^x^hy xa- c 

[If** 9 ] ft** 1 36>fe 8 O^-f tit* 1 *{;iEtttf> 
fc-T >^ v^zn y ME»^y Ko 

[If** i o ] *#<Dir&iB>r y^^x^hy X/uasflt 
^-cuaftttfceyy £ v ^ 5 w** 9 ke*^ > ^ ^ 

zr.y MESAS' Ko 

[If** 1 1 ] mmm^cco-f y^^x^hy X/u-as— 

^co t° ^-eaafttt j-ew s ft-c y x/^u^ 
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oS^t PS-T ^> WE / X/i^iJ H db^^mrfS^-r ^ ^ *J a: 
y hyX7wn±o^y^^o«*!»tttE«Bco>f ^ 
^ 3/hy X^oEJ0*m^*BSl»2:i a nfc«t«-eE« 
$ttTV>SfS^3S9^E*^-r ^^i^ais/ HEISTS' 
Ko 

1 2 ] ftuE^-T v 5 ^ y b J X/K75WE* 

»J»*f-«r. ^TB*©*ttt*Bit 5 ^ i #tf 1 5 i 
0 K«/££;ft,T^5»#Jg lOSfclill tcE«c^-r v 
j^iS' h!Ei^7 Ko 
10 [»*3S 1 3 ] SuE#^ v^x: 5/hy X/u^SfrE* 

jsjrsi^S:. BJE^-fv^ v^s/ hy x/u«^ssacufc 

«l Ot^lil 1 tcE«tO>T >^ ^xy hEft^y Ko 

[B»jft« 14] tuE^-Y y^^x^y X/kz>ME# 
iSJft*^*:, mE#/X^JUttiJ:Sfc3kLfc*fl="C, d^o 

WE45-y x^jsr«^r5«rE#>f y^^x^hy X/u 

Ko 

20 [W*^ l 5 ] tuE^-T y^i^xyhy X/KZ>n±ffi p 

it** lowu (7>v^-rtL^^ i ^s^E^^-r >^ 

^ HEfi^y Ko 

[ft** 1 6 ] tuE#^ y b / X/UDK SuE 

E»JK#OttE#ttfflP^#i^^5ffi«*»&MEEW* 

[R] ^ HffE#>T y^^xyhy X/Uffl±<D t 6 y^~(D 1/4 

30 HEft^y Ko 

[8»**i 7] fHjE-r hy X/Kop±ttspo 

E^J^fp] »&^tT 4: ft * J: 5 * *tT v ^ 5 If** l 

ofrh i 4<Dv^^^i*^E«^>-r hmm 

^ y Ko 

[If** 1 8] If**9 7^ i 7©v^m^iqiKE 

ts^y^^^^tt^^y^^xy hy 3/ 

40 

[If**l 9] ff** 9 ti*bl 7(DV^^l*t-E 

v^^3/ hEflOES. 

[If** 2 0] If**9^^ 1 7 (T^lTtl^ 1 *(;iE 
i^y^^x^/ hEft^y K4:. 

»5E»tt*Sr«StSEft«*»25¥at Sr*t5>f 
so y^i^xyhEflKto 




(3) 



[It** 2 1 ] f»** 1 5 1 6 CliEitetTM V? 

i^ny MBft^y KaMfttSJv S-f^^y MS® 
— y h'&wS&MWcOJ i?*. y by X/Ixcoge^ftfc 

^ly KCMttC 

y hyX/UfflHtfflP^f)^ V^Sr^O^|R)lcHl[p]$-1i: 10 
ritU**SJ: 5^#/&£*t/r^5fit**2 1 dlEttcD 

v 5 ^ y h IS^fio 

[SKM2 4] iifrfE-f y^^xy m^? K*»&W 

*fc tt^iH * t %m <9 M Ltf 5 £ b T-SulSIS® 

\z.WMl<»4 ^ v?3i y hfE^UBo 
[SSM2 5] t(rfE#-1' ^ v?^ y hyX^f.O'C 

^?»±mj}fa&. m&c* vwa^y k*»&w 

?M i?* y HE^SBo 

[ft** 2 6 ] mrE**!^*^©***^^^^©!* 
ia«^c<o-Y y by XMc&^XEHSItbiiZ) £ 0 30 

[»** 2 7 ] aws****^*** 1 <DW.Wi0kftxm 
&m 2 (omwsikWxmwi^ti^M^ y b y x 

i/i y hlE^ilBc 

[it** 2 8 ] ms^^mm^wm^mm^^ 

T^5If**2 5tr|E«<D-C isWzz.y hfS^B, to 

[BM2 9] IIMlTtEtO^^yxyFE 
m^y KtfS*tt£*U m-O-fx/^y MEfi^y h'<Dffi 

S^fty y^cofta^tt^^^LTit^i-S^^^W 
*^y MEg$?B,, 

[it ** 3 o ] atne#-< v^s?* Xyu{c*3tt-5 

laoTfftStiSJ; 5(£flffi5c£*vt^3iii**2 9ic so 
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lettco-r ^ y bmrnms, 
[it** 3 1 ] mm^ yvy xmc&vz 

(c: i o r * e> fc&fls £ its «fc 5 £ ttT v ^5 If** 

3 0 KlE&tfM v 5 ^ y ME^SB„ 
[W**3 2] miS#-r i^^ y h/X/WC&ttS 

mm^-mmm^nmrn^mmm^^ s?* y h y x 

£*L5J: 5K«/&&*l/C^5if|jft ] S3 0£/cii3 1 fcfS 

^^•^y hyX/ud^sttb^tts-T ^^««Dtfrlsfe 

r t^-e#-5«t 5t-«(5g$ixT^SIS*3S2 i/5»P>3 2 
©**<OW yyiy^yb/ Xsutf-fctD \?y=f-XWMWl 

fcia^ij * nx t£zm$k<n / x^u^^cw-n^mic 

-y K/5S»«$n. >-^S?*s' hffi»^y KWSfrlS 
ISiicccM' y^v'iyh; X/K7>iB?iJ*-(n]i-*f UTB&Sja 

&'&M&?3faKttvxm&Tz*faiz.mm%zmM#&m 
m^znmm#mm^&b%&i-z>'(>'y-i?~y bmm 

S^5S(rf5#y X/^iJCD#^ -^^ y h / X/U^»t>Bt 

IS# y X/u-^iJ m ±ro{4B"f ix ^rME-r 5 tz. ft ifr!5#-T 

5 Z b&X-g 5 J: 5 icmf&£tiX\<^Z>-J iSzzy ME 
^B„ 

[19**3 5] WS^-^O-f i^i y h y X/KZ>etfcfcl P 
tS**3 4 (Cte*£0-T i^S^cy hGf^t. 

(cgH?u $ ixr »5e / x/u?ijdS2v wn^m^ 

(c®^^|2^i-S J; pfcW^Hfc-fV^v^y ME^fe 
^y K^^«$tt. ^ MS^^y KcOhuIE 

y y v't, SHyyi'w 

mTz&mmtmm^&b&m-rsj^y-v^y bmm 
^^SHufs^&y Xy^ijco^-^ i/iL y by X/ud^et 




(4) 



3 7 ] atrial ^i^iyhy x/uwPtaj p 

3 6 \Z.^M.(D4 ^i^iy MES&^fio 

^i^x-yF; X/^s— y^fiffiSI^ 10 

(c®^^ffl^-t-5 «fc 5 (-Wfifc^Tc-f -y9 5** y htsm 
^y K******., tt-Y^^sy KE»—y K<DME 
1tic<o-r y h y X/wDiH^ft^ttLTB&^ii: 

a^5BuiE#y x^j<d#>c ^ v?^ ^ h y xa^p>p± 20 
a $ tin -s9 zmmnzmmtt^m ua.mz.mtexttm 

5-«#m^©feSlS(-JCCTMIB#^ isW*. y hyX 

<£>«#:<7M 5/ h / X/WflS— 5t£> fc° y ^"Cittlft^ 

£7U $ iLT * 5 m%L<7> s Xy^iJ ^SV^ fcspff fetttt 

Mt^fSttSi^l^^^yi'^x,/ bE& 30 
-r ispi?*.?/ h/ X/K75gB?iJ*r[p]{c^LT«&®ia 

ii. Witi&y X/ufi\ff>£s( Vy ~s*. yYs X/W^PjPtttJ 

i&£*ix\ / ^Z'(yy-i?*y hmumw., 
[0001] 

>y y h y x/k -i^w*. y hmm^ y k, -y 

>#i?x.y h-^s/ K#— h y y^iJiWy^v 5 !^ h 
E®ilg(-K-r-5 0 so 
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[0 0 0 2] 

[0 0 0 3] ^Ci^y^-^x-yHEi^MfflV^ 

Efiasmitt. -m^ytzmm-iytmt^xakm 

£it5fc£><£>n±ttiP r<OP±tt|P}caii-t'5^ >-yifE 
[0004] 

[*SiS)jfftLJ:5i:t5Wi] 

[0 00 5] Sfc, ±fe»J; 5 ncE^-y KT-(4, y X 

toy X/^(75^^^#t^5*< : fT*^£< 

[0006] *<Dtzit>, 1&&m i &mfyfc^fflkm<D y 

t5iv^H«*i!)ofc 0 $e>^, ^<75«it-h, mmw 

^(C^SbT, #y X/V?iJfe{c:i|#tt^t?oTU*V\ 

[0 00 7] EMttSfil^X/^t^, 
* <0*i£frG] b X B (Sittff -T 5 T-fo S SMTjIrI 

^ L-fc^St/y X/uSrQUjj $ -ars r t 0 jg bff 5 r 

«, mmm^mm<o ^y^-tmm^y K©t y fof 

If -Soffit & 5^.. «iH!9^gW3^ h*s±!oS5, 
[0 0 0 8] £(bl;r, |E»ttEfrro*i@l*lRli:fS»^3' K 




(5) 



[0009] %tz. m&!&te<r>m.mmg.tum^v k© 

0>W V* efcttllH]<&li#IW. of 9 etffl«»«tr|S#*Jfc 

[ooio] * fc, mmm& t mm^ •> k t ©iwhstrt 20 
9 -r >-^}Sco*#ift«(-®^#^#x.5 1 5 rasa* 

oti#9i*lSl*Sv^:ilSl#t Lfc ^^©f^fitf so 
[0 0 1 1] Sfc, **5iJ©/X/u5iJSr^ri-51B«^j/ 

[0012] * <b(^. teBmftnmm*** v y/m 

roiUbteUKfiJafl-^SrU # ^-f^^tTofc 9 life 
[00 13] Jta»bT#fcPp^SSrl«*i-5fc*^{4S>«r so 
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[0014] ^;f«sn, ftyXw^ro^vM 
$rMjEi-S r t tfS-C# 7 h/ -< 

<5o 

[0015] 

3/c#>£>p±an<b, B[Ptmp^aii1-5>f ^^«E»i:, 
LTSvScS»*fc ft 5 i 5 ^E«Sttrt^5 r k 

[0016] ±m<D x 0 $ titz^m (d^isw 

r^tcj:^, eta pd* betffi Stta-f v^optffi^fp]^ 

[00 17] Sfefc, SWB^JR*^^, SWBBfc»L 
TBSSi£ftffit?fcoTt(rtBetttl P ^*it«Srdtfffi©B 

5«tfiLttJ;v\ fo5v^^^ N *$m<o>< v^^my 

h/x^w:, -o^sreta-r^^^Btmpi. seta 

t3oi^Ji^l^bn, !IWB»»J»^*tWBetaP©* 

>^ p±a^fp}^) SOWS: 2 ^TcW^^i^^fr 5 r t & «T 
[0 0 18] *fc. *WB«»<0*«fcffoTSWB«:aP 

^t-rv^srBta-rsRic. tuis^^tuiEP±ap^^ 
[0019]^:, Mm*±ttintmm&^mm^-<Dmm 

[0 0 2 0] ££>K. MttCfto^V^(DBi:ffi# 




[0021] ££>Mte, MWjfrl3Ux_htiZ> :^:J;or 
v\> 

[0 0 2 2] ^7t, ^JSffl^y^^xs/ FE»^s> K 
[0 0 2 3] Sfefc, »©«IS^^^xyhyX^ 

iMrE«*<E»f X/uris-^o 

[0 0 2 4] »E*ftO>f^i;*yhyX 

*>mtfimtbti. mm&yx^mK E.wzwf*vtM 

<D-< is? 2/ h y X/K^>E?0*lRlK*B5:^i'ixfctttt 
[0 0 2 5] ££>^ jWE^V^ h/X/K^ftr 

5«t5 4»^ fcSV^ttWE*^^^ >^y h/ X/u 
^StrE^fR*^*, SuE#^>^ hy X/M5»c 

[0 0 2 6] Sfefctt, WE^^^syhyX/KO 
«ME*»!»*^Sr. lWE#yX/py0SJ!:SfcatLfc*fl= 
T% ^oStrE*yX/u9JSr#ric-r5mE#>f v^v^y 

[0 0 2 7] fiuE^ >^ X/WC0P±ttS 

P O*^*^ tf ffitf^ mjE«3£<7M ^ y h S X 

^± 9, >f^^xs/ hy X/wcoga^J^rRi^-f^^tba 
[0028] se>^. tfrE*^^ h/X/uds, 

MEEfl^#^>mE#ti:Ul □ Sttl^&iEE 
5U*(R]^WE#>f hy X/w[^±(7)t 0 ^^c7) l 

[0 0 2 9] £fc, 8WB#^v^ S^y b/X/UCOPttti 
P0>*-M*Sr*trffi#, fiJEIt^y^^xy h/X 
jwWMIffo k $&m=r i a J; 5 \zm^t 5 w tic J; 
19, -Yv^^my hy X/^EMsfrrRJte^LTfiKfc* 

[0030] *p^y^v?x^ hy s/^tt, 
±E*8«©>f ^^xy HEft^y Ft, K^v^^ 
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[0 0 3 1] **?HO>f y hEfe&IKtt* ±E 

[0 0 3 2] Sfc, WflO-r^^xj/ hEfiM 

tt, ±E*J8Wo^y^i?xy hEft^y Ki, VM> 
FEft^y K^&fthttJSixfc-O'^SrSftSE 

10 [0 0 3 3] *3BW<£>>f >^ v?xy hEftSS 

tt, WEttmP©*'WR*:*tpffiff. jOTB**©-* 

y h y XywoE^J^lB] Lt B&fiB: fc * § J: 5 fc: 
«rt*ix-CV^5 JiE*»WO-Y is* y btim^y K 
*>f i?x y hE^y K©«Elfto 
4 is 2 Z?^ ybS X/UOE^iJ^fpjtcM UTISSilft^lR] 

a£^«c»uTii:xr5^^^«rEE»jtt#*»^i-5 

E^fH«aS#Jki: «r*r« 0 
[0 0 3 4] §f>H N SMBE«HE#l-*l-UT«rE>r^^ 
20 FESk^y KSr»JhS*fctt*"X?, SfE#^>^ 

hy X/K08tfflp^fo>f fate ffi fa 

[0 0 3 5] *>5v>tt, «TEE«^ffK*tUT«WB>f 
^v?xyhEg^yK^i$ii:We), HuE^^ 
v^x^ hy x/^oetup^fe-f v^SrlS3gc(D*-rfi](c(iiR] 

[0 0 3 6] SuE^V^v^^c^ FE®^ 5/ K 

^^^v^^ptm^iir^^^fflE^-Y y y^fcjfeacs* 

so *3f3t*»tlftiSS*Sibf^fc*»5iSLfT5 r kXtti 
[0 0 3 7] $?>^, »E#>f^^sybyX^6 

&>r^^sria:as*3fcd$&*[rE*-Y y y^^ssw 

»ff«^aEft ^it>5 «t o \zM$L Z fix t> J: v ^ 
[0 0 3 8] SbCtt, KfE^JSi^oBi*!*^ 

rotuE1«^^-r v^^i >y h y X/m^^ti^^ * 

40 [0 0 3 9] fc5v>te. tuE#^^^m 1 OigKj^ 
tt-CliShSlltE^^^xy h/X^fc, WE#36 
ttSfc^f-AS* 2 OJB»*fl="eB»*iT,5WE>r v 5 ^ y 
hy X/ut^s(cEg$^TV^5«^t ltt)J;i\ 
[0 0 4 0] *>sv>tt, mrE«-^^T-^IE»^^tu 
E#>f by X;i/»l:7y^ift5 ± Steffi 

[0 0 4 1] *8«W^5?*y hEflfcSEB 

!»Ettapo+iMft«r*tpaBtf, mmmm<o^>^ 

so nti^lE«^>^^x^ HEft^y K*s#ff«i 




(7) 



tea* u r fiSE-r £ *m e awaE»«c* srintasi- 5 emk 

[0 0 4 2] S&l^ WB#>f^yxy hyX;H:j3 
[0 0 4 3] S&tett, iE^^yxyh/X/H: 

[0 0 4 4] WB*>f^yxyh/X^j3 
y X/M0qfcfflg fcWEE»fflE*i:<olBHIteJ:o"CS6te 
[0 0 4 5] MK#*»*^<©»»*#«r, SuE 

#>r ^hy X/u^fep±msixs>f >-^*i§<£>iiuE 

5~ £j&s-C#* «fc 5 te#j***tTv^Tt> J:v\ 20 
[0 0 4 6] *8IWy^^xs/MEft81 

* £p±£H UTE«IE#teH««rE«rt-« J: 5 KHftfcSix 

fpItetuEE®«fr^fiS^-t-SE^^j«^#Si: £r*-T 30 

Six. $ &fcffiTEE^J*fafcl»1"5TOE#y X/H?!IH± 
toffi«i'*t*«Ei-5fc»»cmE#^^^^*y hyx 

[0047] £ fuE#-< ^ ^ h y X/w>et 

[0 0 4 8] Sfc* ^S^y^v'xy HE»3£« 

tr -/ ^t?iff*:Rfc:EW $ *lt 5 «Eifcc7) y X/i^ws v * 
^v?x5/M5i^5/Mt^, R>f^^xyHB 
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^y^^xyh; X^^fettttlS JxS^f >^ £ritfjEE 

S &KttE#/X/^JRdr©IBIB^»J|^«Ei-afc» 
ME^^^^xy hy X/Wi^tfM >?<D*kmJjft 

[0 0 4 9] $ fete. WE*>T ^^xy hy X/KDtt 
[0050] 4fc, ^o^y^^xs/ hE»3£fi 

e 3/ ^-r aawtic^ij $ jxr * y xv^ij^s^ 

tti LTE^frfcBMfcSrEfti-* J: 5 Kfflfj* Sixfc^ V 
^^xy hBft^y KjWfWfcS*U I*>f ^S*n* hE 

®— 3/ KO«rE**^>T ^^x$/F; X^CDE^fnJ 

^^xj/hE&gttfcot, »fta*&E#y x/uyo^) 
3/ hy x/^feetai*ix«>r >-^S:*uee 

»«E#^racffi«tefifaTf**S^:S <fc 5 i^^ti, 
$ fe te«rEE»«E#teE* S IxS -<# ®«^feSS{c£ 

fS3«r^ft$ii-Sr tWtSi 5 te«t*Sixrv^So 

[0051] ^fc. *mm<v4 is? ^xjx hEA^B 

±E*»«<o«S©^ 3/ h y X^3&s— fto 

try f -CitiW:EJiJSftt45Ift©y X^JOM^ 
teWTfettliteRltfeix, WE#(tfctHP^&^^^Sra: 
MUTE«ttt*teWlk*rE»i-a «fc 5 teW^ScSixfc^ V 
^^*yhE^K*»t^ W^^xyhE 

ft^y K^HtrE««o>r v 5 ^ y h y x/k^e^j^ipj 

hEftSitfcot, WE#yX/^J*»e>SV^ 
te**5fe^>f V^dSetttJSix, t5IE#/X/^fJ(7)#^ 
hy X^*»&ttfflSftS>f ^«r«WBE«IE 

teMEEfttt^teEA S ix 5 M^ofeteJ^ CT mJE 

S-frSr fc36St?#S± 5te**SixTV^S 0 
[0 0 5 2] 

[0 0 5 3] Bllt «SWl:«5^^^xy hE^ 
y KO— HJg^^-ri^T*fc^ > niH (a) tt-t© 
¥ffii, f^IIll (b) ttlQH (a) te^bfcA-A«|te*3 




ttSWfffiB, mm (c) tePB (a) [OTLtB-Bi 
ls:*3tta*rEB-C*>S. 

[00 5 4] IE! l J: 5 *HJ£7I0Jfi<zM ^2 -J 

9) HI, H2, H3, H4^IEfi£tLT^5 0 

[0 0 5 5] t-^Hl, H2lt n±aiPt(DW* 

5 G — *\ t:^H3, H4(t etaPt^W#4:$ 
*A-AiBU£*31^T^ >^ h/X/uSr§JBri"Sffi 

loose] ^^-^4^^^>'^^?r1s^-r^PS^4 , ^ 

[0 0 5 7] #P±£biP t te8 4. 7 //mOt^yn* 
B^^W*P2t*^84. 7/2|im«»tB5ll* 
*|6]^*aEL*iS61ii«IBftS:tf 5o *HJfi^ffiOfB» 

^FU B^X, Y*[n]*^ % 8 4. 7 M m^USf fc° 

[0 0 5 8] *H16«tto>f hts^ 

[0 0 5 9] 12 (a) (OTtSJi^ltli, -f^ffc 
»P2 (Bl#HB) -Y^flE 
(S3*5J:t/ti:HiP t^*fcSixTV^5o ft*** ^tf>£# 

[0 0 6 0] rtD^T-t:-^H4:^$it5r fctcj: 
^>^{C*a^fF^4, 7 2 3, 1 2 9^93»§^fSSc 
(RB (b) #flR) o 

[0 0 6 1] ur*o»«38sjiJni-t"5 r k 

±0, >^#J¥L0>tf-&*b (RIB (c) #bs) % ota 

p t a»fc-*v*«#tta*jx* ana (<d #ko . r 

5 (RIB (e) #RS) 0 

[0 0 6 2] CCO^. fc— ^H(O^Srih^Sr t\z£ 
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(f) #kq , toMBttiBfcai* (raa (g) mr) . 

[0 0 6 3] frfc, ±ET?tt. P±ffiP t CDMng($<£>!B&jt 

[0 0 6 4] *3ttB»jtt0><f >^ y bE»^ 

[0 0 6 5] B 3 «3ftlk^fltO>r 5?* y MS^ 
10 Ka»&*M >^»ta»fM^ Bl (b) t^bfclgr 

[0 0 6 6] 03 (a) ^^etffl»f^9«I«l«ll8S: 
>f 3 *5±tfti:fflP t fc>f ^^dSj«fc*jL 

#ss£-r* mm (b) #ns) „ 
[0 0 6 7] ftj&as/fcft-rsi (Pi (c) , (d) # 

fig) . -O^ttJf L©**&*L"afcaP tfciJ{£^»1-£ 0 

20 TV><tfe, >f ^^!CttB*±*lR]«*t"e*<B*** 

[0 0 6 8] £&K«i&j8M)t*-*-Si:. «i&fcn±ana> 

knt^asax. ftja^^ftt^aasixs (rib (e) 

ft^<^S^£bT^£fc£>. -O^iB^B^aEffll^ 
»#5tefc***iiai-5. 

Kf^ix^o ft**, *«TS*tfc>f eta p to 

30 B«*«oaa!«K*«*-t?S5b'rv^«„ rcom, 

^}Sf3:£ fe^pfcffip t^6|«nTE»*E#^i:lR]^5 

iSflPifflp t ^6B**«^JB^t?ff< ^ fc^**o 
[0 0 6 9] *6tz:i»KI^Jlbfc. t-^HlcD^^ 

^flt*&t-<fc >-^«KK3*5J:^qtaP t \d 

40 ^st^Jx (RIB (f) mm) > *D»3ttffi8cMS (RIB 

(g) *HR) o 

[0 0 7 0] H4tt, hE^ 
^■^ K^f)^ v^eta»fP«r, Bl (c) tc^LfcSfr 

[0 0 7 1 ] P±ffiP t {->Pfi-5^b-^H3, H4(Dga 
Ilit^Hl, H2i*45^ H2i:H*tfc^ 

p±ffi$tt^o 

[0 0 7 2] ±E^RW"Ctt, RWS:«*H:t5fc» 
so ttfflp t ^>tf3^^A^-e*t-fpjf -5 2oc0b— ^C7)>t- 




(9) 



9, *sm6*«oiB»^y K^y x^wi mm±<D\£b 

[0 0 7 3] Sfc* ±ERKttRW*1B¥fc-*-*fcft 
4o(Ot-^Hl 1 H2, H3, H4^t-<tiiJ 

[0 0 7 4] **3 % ±E©3Mfc««"T»ll X, Y*ft£ 
t fc KfM*l"C# 5 J: 9 4 OCT) fc — ^ £}$o t>0£r;^ L 

wt-^^o«ii:Ltt)«J;^ (H4, H5*I) 0 
[0 0 7 5] ±E3Wfc»«"T?H\ v^Piffi^ft 

ftt£*t-r5ffi£ti bi d>?jig9^ufct>o{rRge>tu 

f\ Hi 0^E)Bl 31^-TJ; ttt 

[0 0 7 6] £<bH 0ll*.tf>f ^^ttl&*lRl*0*Wc 

mi 4- mi 6^-t-±5^»«ofcffi»^t— ^S: 

[0 0 7 7] £fc, ±ECtt, ftttUP t^&PtffiSttfc 

fc&K:, Ptfflp t <DJ&&m l 7 tZTjk-fJ: ?\zn&Wi : m 

r*LfcJ;!K ^>*»J*&fflP t<£># 40 

[0078] ii8(i mi m\ZTF istzj ^9 i?= v v 

Eft—* K(OaE«««r»i-H-e*>0. RIB (a) tt-to 
jEBH, I^B (b) (tRB (a) l£*LfcC-CftKl*3 

jtawBH, Pii (c) \imm u> k^l^d-dis 

[0 0 7 9] @l^t>il 7£#HBLTRWUfc>f 

h Eft— y Kll »4Lfc**a3&s#WSi:*a+5 
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hy X/u«r<I;tfcEft- s> Ktcfe^Tfc, ±EiB«C 
1' , H2' SrERU *ixfeOfc-#^»«l**:»J» 
#5. 

[0080] ii8^tWJoyx/wt 
11 (a) [^TfJ; o\C tfcttlP t ©^^il»Sr**ia*X 

tt Hl^ Y ifrft US L T (7) ^ V ^ Piffle ft SrfH »-f 
5ritft#5, *fc, Hl^bHl 7£r#HgLTRK 

ttiUft *b ^etm p * *xt v ^ § * >r ^co t o-e*> 

[0 0 8 1] ±EI^RW bfc^ >^ v?^ hfS& 

[0082] 11911 01 ^{C^ Lfc-f >^ v 5 ^ jy h 
Eft^Ki, t©E»^y Ktf»«Sh5*+y y*J 

k&Tjk-tm-vfo*) . mm (a) fi^r^^®iu, mm 

(b) f^i^H (a) ^LfcF-Fj»^*3Jt5Bfffiia-e 
£>So El 2 0H HI 19 (a) l^bfcEIR^y K*5<£ 

[0083] *ttien<owzM£m<om&k. * 

E«KR«rfflv^fca*OH*E»ibf^t2:«ov^TRWr 

[0 0 8 4] 5 0 ^lE^ff L, ^<D_b^tr^ 
2O0ES^5'K2O I 3 0Srft»fS^tyy^lO 
tfSEfiStLTV^o **3, RWWfc»IC, [Hi 9 (a) 

[0 0 8 5] ^ K2 o^^7- h y v^9^^hta 

otfcD, Eft^-y Kl-ftW&SixS-f v^«:iR*i-6>r 
5c Eft— y K2 O^ttfflP t»Hl*Sr#R8b"CRM 

1,22 y^^EW^rfijK-f ttfc«is-eEWS 
ttTV^o *fc. Eft— ^ K3 0©«iftttEft— s/ K2 
0 <t(^I— Eft— y K3 O^ttEft— y K20i 

[0 0 8 6] ESIft5 0*@^tt, ^r^y yi^l 0 

ES^ttSo ^0<t^s /X/^iJ2 1, 2 211 SV> 
OlRIH»i*Ba"*-6»«»t, Eftttf 5E«W— ^0*IB 




(10) 



IBft^y K2 0 i:tt>f v^fej&sftfcSE*^* K 3 0 ^ 
(c, 7B9OC^ft4Kai3SB^J:0, WMIt#5 0<: 

IttmSlirft^fe^^y 0 SrifeSS-frSibflsJ:* IB 10 

[0 0 8 7] ftjb\ itujfibfcJ: #;X/Wy^ 

j&tt _L<£>IE L V ^4«*5 J: Tffrfa \^ > V & 5t tU $ ^ 
ixtf, B2l (a) fc3*1-J:5fc, E»«f*-tfcE«K 

5tffi*-[R]dSJiTt-i"ixTi^i:, 02 1 (b) {z^-fX 

tfSj#t;iftoT^5£r5f;i6<ft!K lE^Mft^ !"« 

^iRl^W^-fixTt^Sfc, El 2 1 (c) lc*i-«fc 3 f-. 
EflWffcfc r«»j ^CTU3o 
[0 0 8 8] U^U*dS6, Hl*«r#ILTRflLfc 

^e>*tfc«*ot — ^^iWiSrffiiJftJbT^jxtf, #y so 
fc. 02 1 (a) fc*i-J:5*#i^v^*li^«S:IB»^# 
[0 0 8 9] ft*}, #^y^^x>7 hyx^©#t-^ 

y x/ua^aa: b^ant-craw s - * « «t o \z. 
[0090] ±iecoj: 9 ft*/ x/kd-y >^p±tb 

«x.tf, E*^y K**— #H 
MXmnXolzX-hV *5^tS*iE»^ y K**»K 

SIM*:?* HHfMB»fflo»«oi»v^>r^^Srfflv^5E 
* H^tHfe&sWfcSE*^* K*r, ^— 0*— 0>Bf so 




«PBH 2000-185403 

18 



0*]Efl^-^S:lt, X*£ixfcE»^3> KfcJfc 
*H*UV\ Sfc, WffcEftT 1 ;* hOfeESrJLT, 

[0 0 9 1 ] Sfc, ±*tfi* Ptffi^fRj^tf 

[0 0 9 2] ft *5, ±El:R?ILfcJ;5 4*!WI«tf6 

^(0|^l:ffig^Sfc^bft(ttt^^ft^ftv^^0T^ 

E»«flBds*#Kd^5i:V^5^:jSdSfc5. Lj6»U * 
H*rit-r«JHt?*>0, ±EoJ:5»cE»i»m]*:*§l3&** 
[0 0 9 3] HI 1 9*5,1:^13 2 0 S:#BSLTBiM 

Lfc'>-y ^/^'*a^BJfllE»ibf^^c*5v^T, 2?ijo/x 

/^IJ2 1 , 2 2 f^dr(7)raPS^lll^±T*^ (i^Yj- 
1rI) Offilt^tf&OV^fcti^t, 02 2 (a) fe±t5 

(b) lc*i-J:5^E»WIWJHB»*3»HJ**s, rc^^ 

^tcov^r^*^?^ l ^^c t ttl«. fi&ftiij^ ; SrE®-r 

5^i:36SprS6i*a. ft*5, ro^tcfi, #yx/w?ij 

So 

[0 0 9 4] ft3b\ #/ X/u?iJ|^±oraPifibo#§r« 
jE-r5*^t-«s *^^v?x^ hyX/M^tt5*fc 
— # <D»»ffiS: y X/u?rjoiB?iJ*-fp] <h J£ f£¥?T ft 5 J: 
5l^i«t5r 4:i*»*LV\ #y X/w?(J|^±<d 

>y h y X/W^*3ftS# t: —?<Dft1fcffi$:S X/u?\}(D 
E^J*fRl l:#LtliffM fc ft S ct 5 fcflfofc-*-* r 4: ^ 

[0 0 9 5] SfeKl, ±BtWiC, USOB«KyK 
2 0, 3 OPflOPflHS^JiT^rSj (H*Y*IrJ) ^{iat- 




MfcSo Hi 9*5«fctfEI 2 OSr#RBUfcRWett, 2o 

te, t ^ J: 5 i:SS<o*- h !) y ^ s l o y ^ l: 
XA.©>f y ^itajKHttrijEtS r i: t i 5 , IE^cd^ 
[0 0 9 6] £fc, ±EOJ:5***©IE»^2y KSrSF 

*£±tfS, ft* SfeflM ffiJofefe 
iS^ftB^bottiS £££**. H22Ktt2 

[0 0 9 7] Ull 9*3<fcuqg2 0Sr#iLTReBLfc^ 

[0 0 9 8] COfEfi^yKfi, SW^KSi-S/XA' 
?02 1, 2 2^#y XVi.|^d:<7)^t 0 ^^(Di|iIfcttia^J^r 

tt#yxywc>r ^^«r«*&i-5>r^^«i&p 2 (mi 
(b) #fig) 36SK(te>tLT*5l9, #;X/u?ij<z)yX/n: 
>f V^Srttl&^Sfll^tJteoTV^Sa **S* Hi (b) 
m H: y X/u?iJ 2 1 <D y X/u»f B5 Sr* Lt^o^ / X/i^iJ 
2 2 cDy X/i^ffite^£;ftT^*i^ yX/i^iJ2 2<D 
yX/u«rffitt % -Y^SW&P 2Sr*^i: It / 2 
1 <oyX/u»ffi&Rte LT^^tL5 D 
[0 0 9 9] Hi (b) t^Lfcy X/W?!|2 1 Ofttffl P 

■Hcfi«fc^f v^sWStfS. r^#tcj;t9, >T^^« 

yX/W?lj2 2^PttUqtt % H»*«K>f 
«£;ft/Cv>5fc«>, BHK«>f^ffl^J:9, -f^WasHS 

yX/W?lJ2 1, 2 2d»&ttffl$;h,5|E»K!/ hasxi^ 
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itm^^ ***»iiiej:o>f ^etawt*:* 

[0 10 0] fE»»if^S:ft^lW(CfcfcoT8cft 

fifcSHiXoy^ HMft-ca«« fete «£ ifiMffli a* "C # 5 

[0101] E»^y KiEfWKflsttt, avMcfBfcfriS 
*Sr»ofc**W*E»ilifP*:fT5©3W»ii-T?*>5. « 
El 2 Otc^Lfci E»JKtf5 0dSHS$ti 

^-Y y yv^l 0<D&W)jjfa. ^Jr^lO^i 
it*. Eft^y Ko>f ^^5ttHBBtE*jKfffcoKIHI 

[0 10 2] L2pU h — ^/KD|a®iS,K4:ii< bJ: 5 

[0103] *fc, ^—*F>-tf&wb-fz>msm&<Dm 

50 «SriS<^-5»cilixriBffc*s»Wlc:4 9, *tJy?^o 




(12) 



<0»|ftfiESr«x.-CWfllllB*S:fT 5 ttWHJHK*© 
[0 10 4] roitCt, y 1 0<OgH&&K 

je c t - y v i/ mmw&m-F tn>t± c 5 rasa* fe 5 

5o CW#^-fct> ^T©/X/uSrlSIt*tjE*-eiW«l-r 10 

[0105] *fc, Efik^y h'cDj^totmmtmmM 

feSo *Emmiff£EftMfc2:a>mf£»:. «IBIBW**«< 
**K*ix-Cli«^»Hfc«: 5 . *tmHHWZ2;< fcst;: 

r irCioTWLtU?^^ ?rfflv^c#-a-^, IE 
MKfr&Eft^y K4:*«fth*fCU4l\ IBftiSfiftSr^L 

[0106] r©tttt). sftraraPHia&c-c^v'^jB 

[0 10 7] EflaKflESr^ftSb-frfcttllS-eiWfft 
[0 10 8] r<D4§-£-(:iti, *t!)'7v ! 0 1^^tyO 

[0109] aaw^B«asiflcsrRe>-fi-r^5« 
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[0110] 4fc /x^d^Btffl^HS^O^jSroet 

•»f£*aI«LTfT 5 wfc**fc«fc ■JlEft^y K*3J:T>V 
-5 r. t J: 9 etffliS:?!* b-f&m&lzf%mz«klii* t° 

[0111] roi^tcit.^ -y ^^m^attam^mt 
3tA©*<k*»-jt rtiao, ^commzm 

-Cfiffeft*. Ttcfc. -f V^jSroattU5S««, a«IE^W 
[0 112] ftlC, gll 9*3J;U t [ll2 OtC^L/cV-V h 

tubic&mmftmzm^tzm'B-iz^^x . 1112 4*^0 

[0113] 024 019 (b) IC^ LfclE®-^ •> 

*3, 02 4lilo©|5®^y K2 

IE^iK*5 O^6fcffl$ttfc0^cD-r v^j^ii, IE 
m^- y K 2 0 <75 2 ?IJCD y X/P?iJd> P> tfcffi $ tifc t Otfc 

So 

[0 1 14] 0 2 4 Cr^-r#cfficD t # , -<>?a±mJjfa 
<omm&fft>tttt1n,t£. Eft«tff 5 OJbOEftKy h(4 

t?fpd (12 5#I) fE@-^y KtO0^Y^|B] 
CMSBtiUPfyfph (01 (a) #HB,) tpjCt 
ft 5 (p h = p d) „ 

[0115] l^^l, *mffiMmt:m^x<o?»kmj3 
favt&m&n^* 0 2 6 Krai-*. 0 iz, $&mmfc5o± 

h©l/4 (-Tftfc*>, fbliph' =ph/4) )t* 

fT^ff, !E^«:±-r-fio k s/ h tr •> f- p d ' rtstm P t° 

yf©^ (i-ft*o*>, pd' =ph/2) (Cft5„ o 
*!5, 02 5 (a) {C^-rXo^, ffl^Yjjfo<Df&&gt 
*2m\Z.lTZ>^bti>X'%Z> e 
[0 116] fcfcU 02 5 (a) \Z7ji-r&Mm&l** 

SSI Kj/ h ■t"-iL^O0*±{a!l*3>fctJ ? T{aiJ(C 2 0C?ttttS» 




[0 117] £7c, 125 (a) K»i-E«MMH4* ii 

TtMt5rij5 s tt5o :^)^, 1 EI 

HJiff Srfftjf C^rt y y ^^fit* Tit, 20 

[0 118] rcoirt, (fj|i 

fc-^^ttOWB^IH* (*2 0ii*ft) Tipft^S 
>f^'?xy X/^i:dSX5^iB«S*tfc«l*fc tt 

y X/i/gi^yy^ t tt fc 

[0 119] a*. ±*3E;frfto#«S£±tf f 5»a\ 

fcTy^S:, E«^y K^/X/i/Wfyf©^ 
frbO-O? tkttlftti&fam'tZ r. £ tc J: 9 fpj 

^ftisas^T^ott*^*, toi^as^i 

[0 12 0] **5. _b!S^J:5^>/X/vt 0 ^^J:J9^/h 
Sv^TE«lt#iS9«rm\ *««Sr±tf 5E««fi 

2fif|:t5»*i:it P±ffl<0-r <bU*p h' St»/JnE« 
[0 12 1] it, l [UBO-x^-y^i: 2H]@(D7^t 
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tv) £rff oT 112 5 (a) {^-r«J:5*EftH« 

*T^*E»W«fc^6rfc*B»Jh'*-Sfc«)^, lo 
<©yXyw-c»«SixSE»Ky hSr^MRS*, *rtf>*H* 

[0 12 2] |ia«<oge&fc:«fc!9, #a«Ky h^frHJ: 
10 9 fc±ttiWai£a<t™ 

fc5^tt*^W^tti-^T<affi«{£ K;y h^S*3^5 <£ 

*Sft5±5fcRWttv^j6S, ^oriWf,, IE 
S*5i5^tTfeJ:v\ 

[0123] l^^t^IftS:Mt5i^ 

20 ii, H2 7 (b) Jc*fJ:5ftPl<ft*s«f*SixS. rca 
ft?^(i-h^ 0 -cv>^^^ > Hj2 5 (a) £3* 

M{&&*±ifz>m&^h. mmmmmm (1125 (b) 

#«0 t*HJ6^*^J:5E*Blft (i2 7 (c) # 
fig) i«:Jt«-m«to*»5J:5lc, BI«©3pJj{S*s*>5„ 
[0 12 4] £fc, Eft^y KfcE»tt#<0JRi£^** 

30 afeJ>KSMT*>, E»Bf{ft^«*#«r**.ai:v^5rajHt 
fcof: D «r*oJ:5^**y0oyX/vyu^feE« 

[0125] ^*5, ±aufc*ni6«iii©affl«tt, -t 

^TfflVN-5r irfcTTtrcfc*. ^oi^CIt -toil 

[0 12 6] i!2(OR«-eii^ir h^STCD® 

«E»Sr *^tcE5E tt # fc^, *Hl(6««tty X/i^J 
^«$^EftjK#^E««^^Eft^y KS:«x.fc7/u 
so ^^**©E«K«^ov^rtiai«^aj4:'t»#a. 4 




(14) 



[0127] Sfc, ±|5Ota0^T*^^7— h y y*J94 -7 

[0 12 8] ±IB-ett±^E»ttE#l-»bTfB 10 

[0 12 9] 

[[HI] *»Wfc«5>f ^S^y MBft^y K<0— * 

[B2] >f y^S^xy MB»^y 

[12 3] (Hi ic^Lfc-Y v^v^y YWBk^v Y<r>4is 

[14] mi fc*Lfc>f MEft^y 
^efcUi«if^Sr»i-||fffiia^*>5o 30 
[SI 5] *I»i^^f y ^ 7 h y X/w t - ^^) 

[0 6] **JSJg*<©>f Z?~iy V/ X;v<DK—*<D 

[0 7] ^liffi^fi^^v^;/ h/XA-CDt:— ^CD 

[0 8] *a»ffi^y^^xy hyXyKDfc-^^ 

[0 9] *H16»J8©>f v^^aiy h/ X/M£>t— *<z> 
EHWSrSi-VffiH^fcS. 40 
[010] *H16JBtto>f ^ y y;Xwc-Z 

[011] t^tii^y^v^iy h/x/wt-^ 

^SBB^J€r^i-¥®0T*fc5o 

[012] *mmftm(D4 h/x;^t-^ 
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[013] ^iii^y^v^x^ hyX/wt-^ 

OE««ISr^'r 3 PEia-C&5o 

[014] *HJ£?KIS<D>f z?zcy h/ X^ot- * 
^EfiffilS:*i" s PBiSI"Cfc5o 

[015] &mMte1&<D^ -J^y h/XA<<£>fc — ? 
OEBWSr^i-^ffiH-efcSo 

[016] ^ISgl^y^v^x^/ h/X/K^t-^ 

coEfi^4r^-r¥E0^fc^>o 
[017] **JE®li(0>f v^i^^y hyX/wot — * 
ogag^J Sr ¥® B -c fe 3 o 

[018] *3SBi:ff5>f y^^xy hBft^y K©i 
[019] Hl*l^tfc©>f ^^xy hEJR^y K 

[02 0] 019 (a) KlSLfclEft^s/ Kfeitf^ir 
y 5 /v ? (DE-E^^4oit5»f®0^fc5o 
[02 1] |B»jKfr^#*SixtelE»Ky hSr^-riHT* 

[02 2] B«K*^ft»*JxfclE»K!/ h^tit 

[02 3] E»«#^#*$ixfcSE»Ky F^tiT 

[02 4] 019 (b) ^UfcfBft^y KS3±tfia» 

[02 5] B«*#l-ft»SixfclB»Ky h^tit 

[02 6] [1119 (b) tC^UfclSS^S/ K*5iVE» 

[027] |E««t«£^f+* SixfelBft K s> h ^r^i-IHr* 

[«F*<Ott«] 

1 i/y^yss 

2 >f>^etjf&p 

3 -O-^ifEBS 

4 SfEKgtft/ftffitt 
4' PS^ 

5 ^ai 
10 *+yy^ 

2 0, 3 0 IB^— y K 
2 1,22 7 X/U^IJ 
5 0 ISftjKtt 

H, HI, H2, HI' , H2' , H3, H4 fc — 
t, t' n±{i}P 
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